Aim To define patterns in the management of pediatric appendicitis. Methods A total of 169 delegates from 42 (24 European) countries completed a validated survey administered at the EUPSA 2017 annual congress. Results In the work-up of children with suspected acute appendicitis, most surgeons rely on full blood count (92%), C-reactive protein (82%), and abdominal ultrasonography (76%), but rarely on computed tomography scans or magnetic resonance imaging. In suspected simple appendicitis, most surgeons (76%) do not perform appendectomy at night in clinically stable patients and start antibiotic preoperatively (64%), but only 15% offer antibiotic therapy alone (no appendectomy). In suspected perforated appendicitis, 96% start antibiotic preoperatively, and 92% perform an appendectomy. Presence of phlegmon/abscess is the main contraindication to immediate surgery. In case of appendix mass, most responders (75%) favor a conservative approach and perform interval appendectomy always (56%) or in selected cases (38%) between 2 and 6 months from the first episode (81%). Children with large intraperitoneal abscesses are managed by percutaneous drainage (59% responders) and by surgery (37% responders). Laparoscopy is the preferred surgical approach for both simple (89%) and perforated appendicitis (81%). Most surgeons send the appendix for histology (96%) and pus for microbiology, if present (78%). At the end of the operation, 58% irrigate the abdominal cavity only if contaminated using saline solution (93%). In selected cases, 52% leave a drain in situ. Conclusion Some aspects of appendicitis management lack consensus, particularly appendix mass and intraperitoneal abscess. Evidence-based guidelines should be developed, which may help standardize care and improve clinical outcomes.
Introduction
Acute appendicitis is the most common surgical condition of the abdomen in children.
1 Despite the vast literature on the subject, with thousands of articles published, various aspects of the management of acute appendicitis remain controversial. This is due to the fact that appendicitis may present under several forms (simple, complicated, mass, and abscess), be diagnosed in several ways (physical examination, laboratory tests, and imaging studies), and be treated with several approaches (laparotomy, laparoscopy, and antibiotic therapy alone). To minimize practice variation, optimize healthcare resources, and avoid unnecessary treatments, evidence-based clinical practice guidelines for children with appendicitis have been developed. 2-9 However, despite the advantages of improving outcomes and lowering costs, the guidelines produced by various associations and institutions have not unanimously been accepted. For instance, in 2010, the Dutch Society of Surgeons introduced guidelines that recommended the routine use of ultrasound and/or computed tomography (CT) for the diagnosis of acute appendicitis. Following the implementation of these guidelines, two studies have reported a decline in negative appendectomies without an increase in perforation rate. 10, 11 Yet, the routine use of imaging to diagnose appendicitis is not unanimously accepted.
12,13
In the last few years, in an effort to evaluate controversial aspects of the management of neonatal and pediatric surgical conditions, the European Paediatric Surgeons' Association (EUPSA) Network Office has administered and analyzed several surveys on the practice patterns of the association members.
14-20 Some surveys have then been used to design registries for rare diseases and/or to plan prospective studies.
In this study, we aimed to evaluate the practice patterns of the EUPSA members in the management of appendicitis in children.
Methods
Following approval within the EUPSA Executive Board and the EUPSA Network Office, a validated questionnaire on the management of appendicitis was administered to delegates attending the 18 th EUPSA Annual Congress in Limassol, Cyprus (May [17] [18] [19] [20] 2017 ) and collected on the last day of the conference. Respondents were asked to fill in their position (Permanent Staff or Trainee), type of hospital (university or district hospital), and country of practice. The questionnaire focused on the diagnosis, preoperative management, surgery, and follow-up of children with appendicitis (►Fig. 1). This survey did not include questions about incidental appendectomy, i.e., when the resection of the appendix was performed not on clinical grounds but in combination with another abdominal procedure (e.g., during a Ladd's procedure for intestinal malrotation).
In the questionnaire, we differentiated between simple and perforated appendicitis. Appendicitis was classified as "simple" in the presence of transmural inflammation, ulceration, or thrombosis without a perforation and as "perforated" in the presence of a hole in the appendix or a fecalith in the abdomen, as previously reported.
21,22

Statistics
The data collected were entered into a database and analyzed using GraphPad Prism (version 6.0e). Descriptive statistics were performed on each item of the survey.
Results Center
Overall, 169 delegates, including 56 (33%) trainees in pediatric surgery, completed the questionnaire. On 160 questionnaires, the respondents reported their country of origin: 90 (56%) were from 24 European countries and 70 (44%) from 18 non-European countries. Twenty-four (14%) respondents work in centers that manage less than 25 cases of acute appendicitis a year, 31 (18%) in centers with 25 to 50 cases a year, 44 (26%) in centers with 50 to 100 cases a year, and 70 (42%) in centers with more than 100 cases a year.
Work-Up of Suspected Acute Appendicitis
In the diagnostic work-up of children with suspected acute appendicitis, most surgeons request full blood count (92%), C-reactive protein (82%), and abdominal ultrasonography (76%), but rarely they rely on CT scans or magnetic resonance imaging (MRI) (►Table 1).
Simple Appendicitis
In children with suspected simple appendicitis, most surgeons start antibiotics preoperatively (64%, ►Fig. 2A). For the choice of antibiotics, the majority (59%) opts for monotherapy with a β-lactam (typically a penicillin or cephalosporin), one third (34%) for a combination of two antibiotics (usually a β-lactam in combination with metronidazole), and a minority (7%) prescribes triple antibiotics (typically penicillin þ aminoglycoside þ metronidazole, ►Fig. 2B).
Antibiotic therapy alone for the management of simple appendicitis is offered to parents as an alternative to appendectomy by 26 (15%) of respondents (►Fig. 2C). In these children, 44% of respondents use a monotherapy (amoxicillin/clavulanic acid or cephalosporin or piperacillin/tazobactam), 40% a combination of two antibiotics (penicillin with aminoglycoside or cephalosporin with metronidazole) and 16% with triple antibiotics (penicillin þ aminoglycoside þ metronidazole). The duration of intravenous antibiotic therapy for these children varies from 48 hours (25%), 72 hours (25%), 3 to 5 days (33%), and 5 to 7 days (13%). One respondent reported stopping the intravenous antibiotic therapy if the C-reactive protein levels have trended down, and the fever is absent. The duration of the oral antibiotic therapy was 5 days for 56% respondents and >5days for 44%.
Finally, in clinically stable children with acute appendicitis, most surgeons (76%) do not perform appendectomy at night (►Fig. 2D).
Perforated Appendicitis
In children with suspected perforated appendicitis, 96% of surgeons start antibiotic therapy preoperatively (►Fig. 3A). In all cases, the respondents opted for a single or multiantibiotic therapy that would cover Gram-negative bacteria, with antibiotics such as metronidazole, or cefoxitin or amoxicillin/clavulanic acid, or piperacillin/tazobactam.
In case of suspected perforated appendicitis, 92% of respondents perform an appendectomy, 7% perform an appendectomy only in selected cases, and 1% treat with antibiotic therapy alone without performing an appendectomy. In stable patients with perforated appendicitis, the presence of phlegmon/abscess is the main contraindication to immediate surgery for 96% of respondents and length of clinical history for 36%.
In case of perforated appendicitis and clinically stable patient, 64% of respondents perform appendectomy at night (►Fig. 3B).
Special Cases: Appendix Mass and Intraperitoneal Abscess
In case of an appendix mass, most respondents (75%) favor a conservative approach, and perform interval appendectomy always (56%) or in selected cases (38%) between 2 and 6 months from the first episode (81%, ►Fig. 4A and B).
Children with large intraperitoneal abscesses are managed by percutaneous drainage by 59% and are operated on by 37%. Never/rarely (0-10%) 1 (1) 14 (9) 7 (4) 134 (82) 154 (94) 10-50% 12 (7) 15 (9) 34 (20) 26 (16) 9 (6) 50-90% 12 (7) 12 (7) 55 (33) Management of Pediatric Appendicitis Zani et al. 55
Appendectomy
Laparoscopy is the preferred surgical approach for both simple (89%, ►Fig. 5A) and perforated appendicitis (81%, ►Fig. 5B). The majority of surgeons performing laparoscopic appendectomy use three ports (92%), only a minority (2%) employ two ports, and a single-port approach is used only by a few (6%, ►Fig. 5C). To resect the appendix laparoscopically, most surgeons use endoloop (73%), and some regularly employ a stapling device (13%) or suture ligation (9%). To extract the resected appendix at laparoscopy, most surgeons (64%) use a bag only in selected cases. Following resection, the vast majority of respondents (96%) regularly send the appendix for histology. In case of a purulent collection in the abdominal cavity, 78% of respondents send a sample of pus for microbiology (►Fig. 5D). If pus is found in the abdomen, a peritoneal drain is always inserted by 5% surgeons and in selected cases by 52%; the remainder 43% of surgeons would never leave a drain regardless of the degree of the abdominal contamination. At the end of the procedure, 29% surgeons always irrigate the abdomen, 58% only if a purulent collection is found, whereas 13% do not routinely irrigate the abdominal cavity (►Fig. 5E). The vast majority of respondents who carry out irrigations (93%) use saline, whereas a minority use betadine (4%) or antibiotic (3%) solutions. Some respondents (46%) irrigate just locally, others (43%) irrigate all four abdominal quadrants, 9% where the purulent collection is found, and 2% locally and in the pelvis.
Follow-Up
After discharge, 61% of respondents plan to follow-up children who had simple acute appendicitis, and 82% of respondents plan to follow-up children who had perforated appendicitis (►Fig. 5F).
Discussion
The results of this first survey of management of acute appendicitis among the EUPSA members show that some aspects of appendicitis management in children lack consensus. This variability in managing pediatric appendicitis is similar to that reported previously in surveys conducted within the American Pediatric Surgical Association, 23, 24 and can be attributed to the paucity of evidence-based studies and to the lack of consensus on clinical practice guidelines. The present survey captured the practice patterns of surgeons practicing in 42 countries, with a preponderance of Europe-based participants. Two thirds of all respondents practiced in centers that manage more than 50 cases of appendicitis a year.
In the diagnostic work-up of children with suspected acute appendicitis, the respondents had similar approaches toward the use of laboratory tests (►Table 1). Although laboratory inflammatory markers are known to have a low diagnostic accuracy in suspected appendicitis, 25 a full blood count was obtained in almost all children, when possible. Similarly, C-reactive protein was widely used, possibly to determine the severity of the appendicitis episode, as it may predict complicated appendicitis in children older than 5 years of age. 21 The attitude of respondents toward the use of imaging studies for the diagnosis of appendicitis was homogeneous too. In fact, most surgeons reported the use of ultrasonography on a regular basis. Recently, a national audit on the outcome of appendectomy for appendicitis in children showed that preoperative imaging, mainly in the form of ultrasonography, is key to reduce the negative appendectomy rate. 11 This may well be the reason why the majority of respondents rely on this non-invasive form of imaging. Likewise, surgeons seem to be aware of the potential risk of ionizing radiations associated with CT scans, 26 and only rarely rely on this imaging technique. Several studies have shown that children with suspected acute appendicitis and an inconclusive abdominal ultrasound would benefit from an abdominal MRI, as it is radiation-free and yields comparable information to a CT scan. 27, 28 However, in our survey only a minority of respondents opt for this imaging modality. The attitude of respondents toward the use of antibiotics was more heterogeneous. The variability in antibiotic use found in our survey is similar to that reported in many studies, including a recent national study conducted across Canadian pediatric emergency departments. 29 Moreover, similar to our survey, this study reported that the majority of children with acute appendicitis were managed preoperatively with single or double therapy, and less commonly with triple therapy, as recommended by the Surgical Infection Society guidelines.
30
The most recent evidence-based recommendations of the American Pediatric Surgical Association Outcomes and Clinical Trials Committee support the preoperative use of broad spectrum antibiotics in children with non-perforated appendicitis. 31 Given the peculiar local epidemiology of most bacterial and fungal cultures, some centers resort to hospital-based guidelines on antibiotic treatment for acute appendicitis, 32 and this may explain the heterogeneity between antibiotic regimes among respondents. Recently, there has been growing evidence to suggest that antibiotics alone (without appendectomy) may be an effective treatment for simple acute appendicitis in children.
33,34
In children, the literature is still limited, and more knowledge will be added by several randomized controlled trials that are currently underway. 35, 36 As this approach is still being investigated, it is not surprising that a small proportion of the respondents to our survey offer antibiotic therapy alone as an alternative to the standard appendectomy. Interestingly, we have noticed a wide variability in the type of antibiotic used (single, double, and triple therapy) and the duration of intravenous (1 to 7 days) and oral (0 to 8 days) antibiotics. In case of perforated appendicitis, preoperative antibiotic treatment is recommended unanimously, with various regimen combinations but almost invariably offering a Gramnegative coverage.
The majority of respondents do not perform appendectomy at night in pediatric patients with simple appendicitis that are clinically stable. This is in line with the literature indicating that delaying surgery until daytime does not affect operating time, perforation rate, or complications, but allows greater efficiency and effective use of physician and hospital resources.
37-39
In case of appendix mass, most responders favor the conservative approach. This was described in the 1970s as a successful alternative to immediate appendectomy, associated with no mortality and only low morbidity rate. 40 The classic approach of performing an interval appendectomy was challenged by the CHildrens INterval Appendicectomy (CHINA) study, a multicenter, randomized controlled trial of active observation versus interval appendectomy after successful non-operative treatment of an appendix mass in children. 41 This study demonstrated that more than threequarters of children could avoid appendectomy during early follow-up and that reserving appendectomy for those who develop recurrence or recurrent symptoms results in fewer days in hospital, fewer days away from normal daily activity, and is cheaper than routine interval appendectomy. In our survey, just over half of the responders perform interval appendectomy in all cases of appendix mass, whereas more than a third perform it only in selected cases, including when parents are the ones to request it. In case of a child presenting with appendicitis and a large peritoneal abscess, the majority of the respondents opted for the insertion of a percutaneous drain by interventional radiology, whereas over a third still carry out an appendectomy. The rationale for a conservative approach in this scenario is found in the known higher risk of postoperative complications, such as hemorrhage, wound infection, fistula, or adhesion formation, if the child undergoes early surgery. 42, 43 Conversely, high technical and clinical success rates, low incidence of complications and shorter hospital stay have been reported in stable children with perforated appendicitis complicated by a peritoneal abscess.
To carry out an appendectomy, most respondents prefer laparoscopy for both simple and perforated appendicitis. Two meta-analyses support the laparoscopic approach in children, as this is associated with shorter hospital stay, lower wound infection rate, and lower pain intensity postoperatively. 44, 45 The majority of surgeons opt for the classical 3-port approach, whereas single-pot appendectomy is chosen only by a minority, possibly reflecting the equipoise between the two approaches on the one hand and the technical difficulty with single-port surgery on the other hand. A randomized controlled trial showed that compared with the classical 3-port appendectomy, the single-port approach is associated with similar wound infection rate, time to regular diet, length of hospitalization, and time to return to full activity, but longer operative time, doses of narcotics, surgical difficultly, and greater hospital charges.
46
Moreover, a subsequent study from the same group showed that the cosmetic advantage of single-port surgery disappears in the long-term. 47 To overcome the technical challenges of single-port surgery and to achieve a potentially better cosmetic outcome, some authors have described 2-port techniques that are safe and effective.
48,49
Several studies have shown that routine peritoneal fluid cultures as a means of directing patient-specific antibiotic therapy have no clinical usefulness. [50] [51] [52] [53] [54] However, in our survey, most of respondents declared that they send cultures from the intraperitoneal cavity. This could be due to the resistance that bacteria causing appendicitis have toward common antibiotic regimens. In this light, a recent study has suggested that cultures sent to evaluate the microbiologic flora in perforated appendicitis may have utility, given the pathogens identified in children and changes in resistance patterns.
55
At the end of an appendectomy, half of the respondents leave a drain in situ in selected cases. It has been shown that there is no advantage to place an abdominal drain to prevent intra-peritoneal abscess after open appendectomy for complicated appendicitis. [56] [57] [58] [59] Moreover, abdominal drainage
after an emergency open appendectomy is associated with delayed hospital discharge. A proportion of respondents irrigate the abdominal cavity at the end of the procedure. However, a prospective randomized trial in children has shown that there is no advantage to irrigate the peritoneal cavity over suction alone during laparoscopic appendectomy for perforated appendicitis. 60 It is not unusual to observe a discrepancy between the indications deriving from a randomized controlled trial or a meta-analysis and the actual surgical practice. This phenomenon has been studied, and obstacles to the uptake of evidence have been explained by knowledge/attitude/behavioral barriers.
61
In the present survey, a high number of respondents declared to follow-up patients after an appendectomy. Whether to follow-up a patient with appendicitis has been a matter of debate for the last decades. 62 The literature is full of studies that have followed-up their patients following appendectomy, but this may represent a biased view of reality, as patients may be followed-up by their family physicians or pediatrician. Recently, post-operative telephone review of such patients has been reported as a valid alternative.
63
Limitations
We acknowledge the limitations of this study; the results of which are based on respondent opinion rather than an on objective data, like in other surveys previously reported.
64
Moreover, the questionnaire was answered by surgeons from 42 different countries, hence explaining the wide range of responses on certain topics such as the use of antibiotics. As 70 respondents were from 18 non-European countries, we cannot consider the findings of this survey specific to Europe. Nonetheless, most respondents practice in hospitals with good volumes of cases of appendicitis. Moreover, as the laparoscopic approach was selected by the vast majority of surgeons, one could infer a homogeneity of health care resources across the respondents.
Conclusion
This first survey on the management of appendicitis among EUPSA members has confirmed the lack of consensus for pediatric appendicitis. Particularly, we have noticed treatment variability not just in special cases such as appendix mass and intraperitoneal abscess, but also in routine aspects of management such as antibiotic selection. We noticed discrepancies between the existing evidence from the literature and some of the responses obtained through this survey. Evidence-based guidelines for some areas of appendicitis should be developed within EUPSA as they could help standardize care, improve clinical outcomes, and reduce cost.
